Background. We tested the hypothesis that a higher level of social activity was associated with decreased risk of incident disability in older adults.
S
OCIAL activity has long been recognized as an essential component of healthy aging (1) and is associated with a decreased risk of adverse health outcomes including depression (2) , cognitive decline (3), dementia (4), motor decline (5) , and mortality (6) . Social activity also may be related to better everyday functioning and less disability in old age, but limited data are available from longitudinal studies and findings have been mixed, with studies reporting positive associations (7) (8) (9) , associations only in certain age ranges (10, 11) or only one gender (males 12,13, females 14) , and even negative associations (15) . Importantly, prior studies that have systematically examined this relationship have not focused on the earliest onset of incident disability in persons starting with no disability (7, 15) or have only examined onset of one type of disability (10) . Establishing a link between social activity and disability in multiple domains along a continuum of severity in persons starting with no disability could help to elucidate social activity's hypothesized role. Persons who do not yet need help with any of a broad range of functional abilities may be those most amenable to intervention, and such work has clear public health implications as the search for modifiable risk factors for disability continues.
We used data from the Rush Memory and Aging Project to test the hypothesis that a higher level of social activity in late life is associated with a lowered risk of incidence of different aspects of disability, that is, disability in basic activity of daily living (ADL), mobility, and instrumental activity of daily living (IADL). As difficulties with household management and mobility are more common and represent less severe disability than difficulty with self-care tasks, these measures represent a continuum of functional ability, ranging from severe disability (ADL) to less severe disability (mobility and IADL). Participants with dementia at baseline, as determined by a rigorous clinical evaluation, were excluded from all analyses to limit recall bias, and analyses were restricted to persons reporting no need for help in performing any task in the particular functional domain assessed. In secondary models, we assessed whether these associations varied by demographic status or were influenced by depression, vascular risk factors, vascular disease, body mass index, social networks, and physical activity. Finally, because one dependency on any of these measures can be a transient state, we conducted a sensitivity analysis repeating our main analyses with a more stringent cut-off point for disability.
Methods

Participants
The Rush Memory and Aging Project is an ongoing longitudinal cohort study of common chronic conditions of aging (16) . Participants were recruited from around 40 retirement and subsidized housing facilities in the Chicago metropolitan area. All participants signed an informed consent agreeing to annual clinical evaluation and organ donation at the time of death. The study was approved by institutional review board of Rush University Medical Center.
The clinical evaluation has been described in detail previously (16) . The structured baseline evaluation included medical history and neurological and neuropsychological examinations. Annual follow-up evaluations were identical to the baseline evaluation in essential details, with examiners blinded to previous data. At each evaluation, diagnosis of dementia or Alzheimer's disease was performed by an experienced clinician after review of all available data from the clinical evaluation, following the National Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria (17) .
At the time of these analyses, 1,327 participants had completed a baseline evaluation. Of these, 111 persons met the criteria for dementia, 124 died before or had not yet reached their first follow-up, and another 138 persons reported dependence on at least one ADL on the Katz scale (18) . This resulted in a final group of 954 participants who completed between 2 and 13 annual evaluations (M = 6.1, SD = 2.5) evaluations. The mean age was 79.6 years (SD = 7.2, range = 55-101), mean education was 14.5 years (SD = 3.2, range = 0-28), and the mean score on the Mini-Mental State Examination (19) was 27.9 (SD = 2.1, range = 18-30) at baseline; 74.7% were women and 88.0% were white, nonHispanic. The proportions of female and white participants are slightly higher than for this age group in the study's catchment area (65% and 83%, respectively) (20) , reflecting the demographic make-up of the area's retirement communities. Out of the 1,471 persons expressing interest based on our recruitment presentations, 90% were enrolled. Among living participants, the follow-up rate for this study is 94%. The primary given reasons for dropout were moving from the area (n = 15), family members not approving the study (n = 14), and being too ill to desire to continue (n = 11).
Assessment of Late-Life Social Activity
A previously established scale (5,16) was used to measure frequency of social activity based on six items (1, go to restaurants, sporting events or teletract [off-track betting], or play bingo; 2, go on day trips or overnight trips; 3, do unpaid community or volunteer work; 4, visit relatives or friends houses; 5, participate in groups, such as senior center, Knights of Columbus, Rosary Society, or something similar; and 6, attend church or religious services). Participants rated how often they participated in each activity based on a 5-point scale (1, once a year or less; 2, several times a year; 3, several times a month; 4, several times a week; and 5, every day or almost every day). The items were summed and divided by the total number of items to obtain a composite measure of social activity for analysis.
Assessment of Disability
ADLs were assessed using a modified version of the Katz Index (18) . Participants were asked to rate their ability to perform (no help, help, unable to do) six activities: feeding, bathing, dressing, toileting, transferring, and walking across a small room. Mobility disability was assessed using the Rosow-Breslau scale (21) asked whether participants could perform three tasks that require mobility and strength without help: walking up and down a flight of stairs, walking a half mile, and doing heavy housework. IADLs were assessed using items from the Duke Older Americans Resources and Services project (22) . Participants were asked to rate their ability to perform (no help, help, unable to do) eight activities: telephone use, meal preparation, money management, medication management, light and heavy housekeeping, shopping, and local travel. For each measure, participants needing help with (ie, dependency) or unable to perform one or more task were classified as having disability.
Other Covariates
Depressive symptoms were measured using a 10-item version of the Center for Epidemiologic Studies of Depression scale (23) . Summary scores indicating number of vascular risk factors (hypertension, diabetes mellitus, and smoking) and vascular diseases (myocardial infarction, congestive heart failure, claudication, and stroke) were created based on self-report, clinical examination, and medical inspection as previously described (24) . Body mass index was calculated as weight in kilograms divided by height in meters squared. Social network size was recorded as the number of children, family, and friends participants had seen at least once a month (25) . Self-report physical activity assessed five common exercise activities: walking for exercise, gardening or yardwork, calisthenics or general exercise, bicycle riding, and swimming or water exercise (26) . Time engaged in each activity was summed and expressed as hours of activity per week, as previously described (27) .
Data Analysis
Spearman correlations and t tests were used to assess the relationship between late-life social activity and demographic variables at baseline. t tests and nonparametric tests (chi-square and Wilcoxon rank-sum tests) were used to compare the baseline characteristics of participants who became disabled versus those who did not on each of the disability measures. To examine the associations between social activity and risk of incident disability, we used Cox proportional hazards models (28) adjusted for age, sex, and education with social activity centered at its mean (core models) run separately for each disability measure. In each model, only participants without any dependency in the particular disability were included in the analysis and participants were censured from further analysis if they developed disability. In subsequent models, interaction terms were added to examine whether the associations between social activity and risk of disability varied by demographic characteristics. Models stratified by sex were also examined. To examine whether the associations between social activity and disability were independent of covariates, the core models were repeated including these variables. Finally, to examine whether findings depended on the cut-off point used to define disability, as done in prior studies (29), we repeated the core models with disability defined as dependence in at least two tasks using the same analytic cohort of persons with zero dependencies at baseline. Model diagnostics were performed on the core models using analytic and graphical techniques, including checking the assumption of constant hazard over follow-up. Programming was done in SAS version 9.2 (SAS Institute, Inc., Cary, NC).
Results
Baseline social activity scores ranged from 1.0 to 4.17 (M = 2.60, SD = 0.57), with higher values indicating more frequent participation in social activity. Persons with higher levels of social activity were younger (r = −.15, p < .001), more educated (r = .12, p < .001), and had fewer depressive symptoms (r = −.08, p = .02), less vascular disease (r = −.08, p = .01), larger social networks (r = .24, p < .001), and higher levels of physical activity (r = .18, p < .001) than those with lower levels of social activity. There was no significant correlation with body mass index or vascular risk factors. Women had higher levels of social activity (M = 2.63, SD = 0.55) than men (M = 2.52, SD = 0.60), t 952 = 2.74, p = .006.
Social Activity and Risk of Incident ADL Disability
Over a mean of 5.1 years (SD = 2.5) of follow-up, 364 persons (38% of 954) developed ADL disability. Differences between those who did and did not develop ADL disability over follow-up are listed in Table 1 . In a Cox proportional hazards model controlling for age, sex, and education, the relative risk of incident disability decreased by 46% for every one-point increase in frequency of social activity (Table 2) . Because the association of social activity with ADL disability may vary by age, sex, or education, we repeated the previous analysis with additional terms to test for interactions with these demographic variables. No significant interactions were found (data not shown), but in separate models for men and women, the association was stronger for men (hazard ratio [HR men ] = 0.42, 95% confidence interval [CI]: 0.27, 0.64 vs. HR women = 0.59, 95% CI: 0.47, 0.74). We then repeated the initial model with terms to control for the effects of social networks, physical activity, depression, vascular risk factors, vascular disease, and body mass index. The association between social activity and disability remained significant and was essentially unchanged after adjustment for covariates ( Table 2 ). As shown in Figure 1 , a person who reported high level of social activity (score = 3.3, 90th percentile) was about twice as likely to remain free of ADL disability than a person with a low level of social activity (score = 1.8, 10th percentile).
Social Activity and Risk of Incident Mobility Disability
Of the 579 persons (61% of 954) who reported no mobility disability at baseline, 361 persons (62% of 579) developed mobility disability over a mean of 5.3 (SD = 2.6) years of follow-up. Differences between those who did and did not develop mobility disability over follow-up are listed in Table  1 . In the Cox proportional hazards model adjusted for age, sex, and education, the relative risk of incident mobility disability decreased by 35% for every one-point increase in frequency of social activity ( Table 2 ). The association of social activity with mobility disability did not vary significantly by age, sex, or education (data not shown), though in stratified models, the association was stronger for men (HR men = 0.53, 95% CI: 0.35, 0.80 vs. HR women = 0.73, 95% CI: 0.55, 0.97). After adjustment for covariates, the association was slightly attenuated, but remained statistically significant ( Table 2) . As shown in Figure 2 , a person who reported high level of social activity (score = 3.3, 90th percentile) was 1.5 times as likely to remain free of mobility disability as a person with a low level of social activity (score = 2.0, 10th percentile).
Social Activity and Risk of Incident IADL Disability
Finally, because relatively little is known about the relationship of social activity with the risk of developing IADL disability, which often occurs at the beginning of the disablement process, we examined this association. These analyses were restricted to the 542 (57% of 954 persons) who reported no IADL disability at baseline. Over a mean of 5.3 (SD = 2.6) years of follow-up, 353 persons (65% of 542) developed disability in IADLs. Differences between those who did and did not develop IADL disability over follow-up are listed in Table 1 . In the Cox proportional hazards model adjusted for age, sex, and education, the relative risk of incident IADL disability decreased by 35% for every one-point increase in frequency of social activity (Table 2) . Because the IADL scale includes an item that is similar to items in the social activity measure (local travel), we reran the analysis with this item removed, and results were essentially the same (HR = 0.68, 95% CI: 0.54, 0.87); thus the full IADL scale was used for all analyses. The association of social activity with IADL disability did not vary significantly by age, sex, or education (data not shown), though in stratified models the association was stronger for men (HR men = 0.57, 95% CI: 0.36, 0.88 vs. HR women = 0.71, 95% CI: 0.53, 0.96). After adjustment for covariates, the association was slightly attenuated but remained statistically significant ( Table 2) . As shown in Figure 3 , a person who reported high level of social activity (score = 3.3, 90th percentile) was 1.5 times as likely to remain free of IADL disability as a person with a low level of social activity (score = 2.0, 10th percentile).
Sensitivity Analyses With Alternate Cut-off Point for Disability
Though a single dependency on any of the three disability measures examined previously is commonly used to define disability, older persons may transition into and out of disability using such a cut-off point (30) . Therefore, we repeated the core models for each of the three disability measures with a more stringent definition of disability, that is, dependency on two or more tasks. With this cut-off point, 208 persons developed ADL disability, 190 persons developed mobility disability, and 195 persons developed IADL disability. The associations between social activity and incident disability were very similar to the original core model estimates for ADL disability (HR = 0.54, 95% CI 0.44, 0.67, p < .001), mobility disability (HR = 0.62, 95% CI 0.47, 0.83, p = .001), and IADL disability (HR = 0.60, 95% CI 0.44, 0.82, p = .001).
Discussion
In a large, community-based cohort of older persons free of dementia, more frequent social activity was associated with a reduced risk of developing disability in three domains: ADLs, mobility, and IADLs. Thus, social activity appears to be associated with disability along a continuum of functional ability ranging from activities requiring advanced facilities (ie, IADLs) and physical mobility (Rosow-Breslau) to the ability to perform basic self-care tasks (ADLs). These results were robust to adjustment for depressive symptoms, vascular risk factors and disease, body composition, social networks, and physical activity. Associations also persisted in sensitivity analyses examining a more severe level of disability as the study outcome. These findings indicate that more socially active older persons may be less likely to become disabled.
Gerontologists have long recognized that older persons who have higher levels of daily activity (31) and larger social networks (32) (33) (34) (35) have less disability in later life. Recently, it has been suggested that social activity, in particular, may confer health benefits to older persons above and beyond those provided by either physical activity (6) or the structural properties of social relationships (ie, size of network) (36) . Some studies have shown that social activity is associated with disability as a secondary objective (8, 9, (11) (12) (13) (14) , but of the three studies that systematically examined social activity as the primary predictor, two examined change in functional status in persons with and without impairments at baseline (7, 15) , and the other included only one follow-up observation 1.5 years after baseline and did not differentiate between disability in ADLs and IADLs (10). Our findings expand upon previous research in a number of ways. First, we tested the relationship between social activity and first onset of disability along a continuum of function including an early manifestation of disability, IADL disability, among persons without any evidence of disability at baseline. Second, our incident analysis included longer follow-up and more observations than other studies. Third, we were able to exclude persons with dementia as determined by a rigorous clinical evaluation, and all data on social activity and functional status were assessed through self-report (rather than proxy report); thus, our findings are less likely to be influenced by recall bias or inaccurate reporting. Finally, our cohort was older (mean age of 82 years) than the cohorts in previous studies. Our results indicate consistent associations of social activity with various types of disability even among very old persons and in both men and women. The mechanisms underlying the association between social activity and disability are unknown. Social activity may reinforce the neural networks and musculoskeletal function required to maintain functional dependence in the face of declining physiologic reserve capacity in later life, in what may be a case of "use it or lose it" with regard to function. Indeed, work by our group has shown that social activity is associated with a slower rate of decline in motor function (5) . That association was independent of physical activity levels, as was the association of social activity and disability in the current study of disability. Thus, although socially active older adults tend to be more physically active and physical activity is associated with a reduced risk of disability (37), these findings suggest alternate pathways aside from the physiologic benefits of exercise (6) . As a caveat, we adjusted for specific exercise activities, so it is possible that observed associations were at least partially due to the benefits conferred by more general forms of physical activity inherent to social activities. From a psychosocial perspective, social activity may provide and reinforce meaningful social roles, thereby providing a sense of value and belonging to an older adult's post-retirement life (38) . This sense of attachment to family, friends, and community may provide a strong motivation to maintain functional performance in later life (10) . Voluntarily chosen social activities may be a better indicator of this sense of attachment than social network size (not associated with disability onset in our adjusted models), which could include ties that involve neutral or even negative social interactions. This may be especially important for older men who frequently have smaller social networks (39), and there was some evidence that social activity had a stronger association with reduced risk for disability in men. More research is needed to inform potential gender differences in this relationship. Finally, aspects of social integration have been associated with positive physiologic responses including better cardiovascular function and immune response (40, 41) and reduced cortisol response to stress (42) . Alternatively, because social activity requires a certain degree of functional capacity, we cannot rule out the possibility that low social activity is not a true risk factor for disability but rather a sentinel indicator of impending disability.
Strengths of this study include the use of a large, wellcharacterized community-based cohort of older persons free of dementia with an average of six annual evaluations and a high rate of follow-up participation. We measured social activity using an established measure of late-life social activities that has been correlated with other health outcomes (5, 43) , and disability using three separate measures of disability that measure different domains of activity in which older persons commonly experience difficulty. Limitations of this study include the use of a volunteer cohort recruited from retirement homes who have agreed to annual evaluations and postmortem organ donation, which may limit generalizeability to the general older U.S. population. Social activity and disability were measured by self-report, and inferences may be subject to recall bias or same-source bias. Furthermore, the content validity of the IADL scale may be questioned, as reasons for not performing certain items may be more related to characteristics such as gender or environment than to actual disability. Despite these limitations in measurement, the findings were relatively consistent across three different measures of disability, and persons with dementia were excluded to limit inaccuracies in reporting. Finally, in conducting an incident analysis, we treated disability as a dichotomous variable and an absorbing state. Although this is only one of several methods of operationalizing disability, it is a commonly used method in research and clinical settings, and prior research has shown that, although older persons can transition in and out of disability (30) , those who are disabled at any point in time are likely to remain disabled or show further progression of disability (44) . Findings from secondary analyses utilizing an alternate cut-off point for disability were very similar. Although further research on the relationship between social activity and disability using more sophisticated transition models is warranted, this study suggests that more socially active older persons are less likely to become disabled. Future research is needed to determine whether interventions aimed at increasing late-life social activity can play a part in delaying or preventing disability.
